Schistosoma japonicum-infected mice develop hepatic granulomas, immediate hypersensitivity (IH), and delayed hypersensitivity (DH) to soluble egg antigens (SEA) released by parasite eggs trapped in liver sinusoids. All of these responses spontaneously regress after 7 to 9 weeks of infection. This study aimed to develop an in vivo system for the further dissection of cellular and humoral immune responses to SEA. C57BL/6 mice immunized subcutaneously with SEA in complete Freund adjuvant developed IH, an Arthus reaction, and DH to this antigen 5 to 9 days later. IH and the Arthus reaction, but not DH, were markedly inhibited if, 1 day before injection of SEA in complete Freund adjuvant, the mice were injected intravenously with purified T cells from the spleens of mice infected for at least 9 weeks. This in vivo model system can be used to study various aspects of cellular and humoral immune responses to SEA and their modulation. These results raise questions about the role of antibodies in the pathogenesis of granulomatous inflammation and about the mechanisms of its cellular regulation in infections with S. japonicum.
The major pathologic lesion in Schistosoma japonicum is the granulomatous inflammation which forms around eggs trapped in host tissues (20) . This lesion is an immunologic response to soluble egg antigens (SEA) released from the trapped ova (12) . In S. mansoni the granuloma appears to be exclusively a manifestation of a cellular immune response to SEA, and the host displays prominent delayed hypersensitivity (DH) to these antigens in vivo (3) (4) (5) 19) . In contrast, in infections with S. japonicum, the pathogenesis of the granuloma appears to be more complex and may result from a combination of cellular and humoral immune responses to SEA (7, 8, 17, 18) . Thus, in S. japonicum infection, granulomas contain eosinophilic abscesses which may be the result of an Arthus-type response (AR) to antigen (17) . Additional evidence for a humoral component in the pathogenesis of granulomatous inflammation in this infection includes the finding of plasma cells within the granulomas (17, 18) and the continued synthesis of immunoglobulin and antibody to SEA by the granuloma throughout the course of infection (7) . Although S. japonicum-infected mice develop DH to SEA (7) and there is evidence that a cell-mediated immune response to SEA contributes to this inflammatory process (6, 12) , elicitation of DH appears to require much higher concentrations of SEA than in S. mansoni-infected animals (7).
In both S. japonicum and S. mansoni infections spontaneous regression of granulomatous inflammation begins after 8 to 10 weeks of infection (2, 13) . In both infections there is evidence that T suppressor cells can mediate this process (14) , but in S. japonicum infection there is evidence that immunoglobulin Gl (IgGl) mainly contributes to modulation late in infection (13, 14) . These conclusions about the mechanisms of modulation were obtained by adoptive transfer of cells or serum from more chronically infected animals into naturally infected recipient mice (14) . Such experiments require 6 to 8 weeks to complete, are expensive, and do not permit the study of induction and modulation of immune responses to SEA in the absence of infection. The pathogen-* Corresponding author. esis and modulation of granulomatous inflammation have also been studied in the lung granuloma model, in which cells or serum from infected mice are adoptively transferred into egg-sensitized mice which are subsequently reinjected with eggs (11, 12 Female C57BL/6 mice obtained from Jackson Laboratory, Bar Harbor, Maine, were infected at Lowell University, Lowell, Mass., with 25 cercariae of a Philippine strain of S. japonicum (15) . C57BL/6 mice were chosen because they develop extensive granulomatous inflammation (13) and spontaneously modulate this inflammation (13) . SEA were prepared from the livers of CF1 mice (Charles River Breeding Laboratories, Inc., Cambridge, Mass.) infected with 50 cercariae of the same strain used to infect the C57BL/6 mice. At 8 to 12 weeks, their livers and intestines were removed, and parasite eggs were processed for antigen (5) . The protein concentration of the SEA was determined by the Lowry method (10). To assay IH, AR, and DH to SEA, we injected 50 ,ug of SEA in 0.05 ml of phosphate-buffered saline into the left hind footpad and 50 p.g of bovine serum albumin (Pentex Biochemical, Kankakee, Ill.) into the other hind footpad. The thickness of each hind footpad was measured with calipers at 1, 5, 24, and 48 h. Net footpad swelling was the difference in thickness between the pad that received SEA and that which was injected with albumin.
Different concentrations of SEA with or without complete Freund adjuvant (CFA) were introduced into C57BL/6 mice by various routes, including subcutaneously (s.c.) into the nape of the neck, s.c. at the base of the tail, and intraperitoneally. At different times after the injection of antigen, the (16) and to suppress granulomatous inflammation in naturally infected animals (14) . The concentrations of T cells used (1.5 x 107 to 4 x 108) were within the range of cell concentrations shown to be effective in suppressing granulomatous inflammation in vivo (16) . Table 1 presents the results of 6 typical experiments (out of 25 experiments) in which preinjection of different concentrations of T cells from infected mice was followed 1 day later by s.c. injection of SEA-CFA with subsequent footpad testing 5 to 9 days later. Significant suppression of the 1-h response was seen in all experiments in which at least 1.5 x 107 T cells from mice infected for at least 9 weeks were injected. (T cells from mice infected for 1 or 3.5 weeks did not inhibit either the 1-or 5-h responses, and these data are not shown.) However, inhibition of the 5-h response was not observed consistently until 4 x 108 T cells were transferred; even 108 T cells did not inhibit this response in two experiments. No effect was seen on DH in any of the experiments. When the T-cell preparations were treated with anti-Thy-1.2 and rabbit complement before adoptive transfer they no longer inhibited the 1-and 5-to 6-h responses; therefore, the inhibitory cells were T cells. In all of the experiments, substantial IH, AR, and DH to SEA occurred in control mice in which equivalent numbers of normal T cells were injected.
Thus adoptive transfer of sufficient numbers of T cells from mice infected for 9 to 13 weeks with S. japonicum into mice injected with SEA-CFA consistently reduced the IH to SEA 5 to 9 days later. This finding is consistent with the previous observation that by 9 weeks of infection IH to SEA spontaneously modulates in infected mice (1) . It cannot, however, immediately be concluded that this IH to SEA is mediated by IgE antibody. It is possible that this immediate response is an early component of DH (T cell mediated) which resembles the IH caused by IgE antibody (1). Thus, in mice contact sensitized with dinitrofluorobenzene, an early T-cell component was first detected 1 day after sensitization which gradually declined during the ensuing week, whereas DH was first observed on day 4 after sensitization (1). We did not detect immediate footpad response to SEA during the first 4 days after injection of SEA, but in 50% of the mice we did detect DH to this antigen by the day 4; thus, in the SEA system there did not seem to be an early, pre-DH immediate component. Therefore Failure of adoptive transfer of even 4 x 108 T cells to inhibit induction of DH to SEA is in striking contrast to inhibition of hepatic granulomatous inflammation upon transfer of as few as 2 x 107 chronic T cells into acutely infected mice (14) . It is not known whether this apparent discrepancy is due to the sharp differences in the two systems; in this model, T cells are transferred before SEA presentation, whereas in natural infection, suppressor T cells develop only after 5 to 7 weeks of egg deposition and exposure to SEA (14) . Taken together, these observations suggest that suppressor T cells found during chronic infection inhibit the afferent rather than the efferent limb of the cell-mediated immune response to SEA. Alternatively, the present observations suggest that chronic T cells may inhibit granulomatous inflammation because IH and AR responses to SEA also play a role in the pathogenesis of granulomatous inflammation. In addition to the previous findings of abscesses and plasma cells in the granulomas in this disease (17) , more recent findings of small circumoval abscesslike granulomas in athymic mice infected with S. japonicum (6) also suggest a humoral immune component. Finally, it is possible that two populations of modulatory T cells are present in mice chronically infected with S. japonicum, one which inhibits IH to SEA and presumably accounts for the drop in IH which occurs after 7 weeks of infection, and another which suppresses granulomatous inflammation after 9 weeks of infection. It is not known whether the regulatory T cells are isotype specific in their effects, i.e., whether the same populations inhibit both the IgE and the IgG or IgM responses which presumably underlie the IH and AR, respectively. The requirement for many more T cells to inhibit AR than to inhibit IH suggests different populations, but alternative explanations of these results are possible.
If IgE antibody to SEA plays a role in the pathogenesis of the granulomas, its participation must be short-lived because there is a sharp decline in IH to SEA after 7 weeks of infection (7) . In contrast, AR may play a role later in the pathogenesis of this lesion since IgG antibody titers continue to rise in the serum and there is evidence of continued production of antibody to SEA by the granulomas per se for several months after infection (7).
In conclusion, this new in vivo system can be used as a model to dissect differences in host responses to SEA, but it also raises important questions concerning the immunopathogenesis of disease in murine S. japonicum infection and its cellular regulation. The excellent technical assistance of Weldon W. Harold is gratefully acknowledged.
